The present study was undertaken to determine sperm motility and counts in semen yielded by para-chloroamphetamine (PCA)-induced ejaculation of aged rats which had lost their reproductive ability, and to attempt artificial insemination with suspensions of spermatozoa obtained in this way. The semen yielded by PCA-induced ejaculation from aged (75-week-old) rats had average sperm counts of 0.82±0.69 x 10 7 , which were much lower than the average counts (9.42 ± 1.65 x 107)for semen spontaneously ejaculated by young ,adult rats (14 weeks old). However, 77.5% of the spermatozoa contained in the PCA-induced semen were rated as showing the most active movement. Spermatozoa collected in this way were injected into the upper parts of both uterine horns or into both ovarian bursae. Both methods made the females pregnant, but the results were better after injection into the ovarian bursae. The offspring born to these females showed no abnormalities.
It is well known that male sexual activity declines with ageing; i.e. rates of contact with females, mounting, intromission and ejaculation all decrease (Larsson & Essberg 1962 , Phoenix & Chambers 1982 . In male rats, Saito et al. (1991) and Hokao et al. (1992) stated that conception rates after copulation in aged adults decreased compared with young adults. However, when yohimbine, an alkaloid found in the bark of Corynanthe yohimbe, was injected intracerebroventriculady, aged adults showed higher frequencies of mounting, but not of intromission or ejaculation (Saito et al. 1991 ).
Correspondence to: Torn R. Saito, DVM, MSc, PhD Department of Laboratory Animal Science, Nippon Veterinary and Animal Science University, Tokyo lBO, Japan. Phone: (0422) , Fax: (0422) Accepted 26 September 1995 Humphries et al. (1981) showed that male rats exhibited ejaculation without a receptive female within 30 min after the injection of para-chloroamphetamine (PCAl, and that this injection induced a short-term elevation of central 5-hydroxytryptamine (5-HT) and catecholamine levels. Following this finding, we studied the sperm motility and counts in semen obtained by PCA-induced ejaculation in aged rats, and attempted artificial insemination with these sperm suspensions.
Materials and methods

Experimental animals
Wistar rats, bred in our laboratory, were used in this study: (1) 22 intact males (11 in the Laboratory Animals (1996) 30, 332-336 11th week after birth, 5 in the 60th week and 6 in the 75th weekI, (2) 5 males with ligated vas deferens which had been confirmed to be able to make females pseudopregnant, and (3) 10 receptive females between 8 and 10 weeks of age. All males had experienced coitus. The 60-and 75-week-old males had been confirmed to have lost their reproductive ability (Hokao et al. 1993 ).
Experimental conditions
The animals were reared in an animal room where the temperature was maintained at 25 ± 1°C and the relative humidity at 60±5%, the air was exchanged 12 times/h (an all-fresh-air system), and the room was lit 14 h/day (between 05.00 and 19.00). As a rule, the males were individually housed in stainless steel wire cages (30 x 40 x 20 cm). The females were housed in groups in stainless steel wire cages (60 x 40 x 20 cm) until they were mated or underwent artificial insemination. All animals were allowed free access to solid diet (CRF-l, Charles River Japan, Inc., Kanagawa, Japan) and tap water.
Treatment
Para-chloroamphetamine HC1 (PCA, Sigma Chemical Co. Ltd., St Louis, MO, USA) was dissolved in sterile physiological saline (2 mg/ml). Each male was given an intraperitoneal injection of this solution 0.2 mg PCAI 100 g of body weight.
Sperm motility and counts
Sperm motility was determined according to the method of Nishikawa (1972) . On the basis of the nature and strength of sperm movement, sperm motility was rated on a 4-point scale: +++ (most active forward movement), ++ (active forward movement), + (slow forward movement), and ± (rotation or pendulum-like swing). The sperm counts in semen were determined by counting the number of spermatozoa in 1 ml of a semen suspension, using a sperm counting chamber (sp ACE G, Kitasato Supply Co, Ltd., Tokyo, Japan).
Sperm motility in the tail of the epididymis of.young adult males and sperm motility and counts in their semen after ejaculation into the female reproductive tract were deter-mined. Each of 5 14-week-old males was placed in a cage containing a female. After the first ejaculation took place, the male-female pair was sacrificed by cervical dislocation. The area where the tail of the epididymis joins the vas deferens was cut, and spermatozoa were collected with a needle tip and transferred to a culture medium (human tubal fluid) in a plastic dish (Quinn et al. 1985) . A few minutes later, a sperm suspension was prepared and observed for sperm motility under a microscope at 37°C. From each female, the cervix and oviduct were cut and the uterus removed. The uterus was immediately weighed, and the upper parts of both uterine horns were cut, and their contents transferred to a plastic dish. The uterus was then weighed again to yield its net weight. The uterine contents were suspended in culture medium to determine sperm motility and sperm count.
Sperm motility and counts in semen obtained by PeA-induced ejaculation
After intraperitoneal injection of PCA (2.0 mg/kg), the male rats were restrained. The point when a plug-like secretion was detected at the tip of the penis was regarded as the point of ejaculation. The time from PCA treatment to ejaculation was recorded. The secretion was immediately placed in a plastic dish containing a medium, to determine sperm motility and counts.
Artificial insemination
Sperm suspensions obtained by treating nonreproductive 75-week-old males with PCA were injected into both uterine horns or both ovarian bursae of females by laparotomy under ether anaesthesia. This manipulation was begun at 10.00 h. The sperm suspension obtained from one male was injected into the upper parts of the uterine horns of 3 females and the ovarian bursae of 2 females. A 1-ml disposable syringe and 27G (0.4 x 19 mm) needle were used to inject the sperm suspension into the upper parts of the uterine horns (0.05 ml containing 0.5 x 10 6 spermatozoa each side) and the ovarian bursa (0.05 ml or less containing 0.25 x 10 6 spermatozoa). After the female recovered from the anaesthesia, a 
Statistical analysis
The significance of differences was tested by Duncan's multiple range test at 3 significance levels (P<0.05, 0.01 and 0.001). Table 1 shows the data concerning (1) sperm motility in the tail of the epididymis of 14week-old males, (2) motility and counts of sperm in semen ejaculated into the uterus, (3) sperm motility and counts in semen yielded by PCA-induced ejaculation of 14-, 60-and 75-week-old males, and (4) the time from PCA injection to ejaculation. When the sperm motility in young and aged adult rats with and without PCA was evaluated, 63 to 80% of all sperm were rated as the most active. The sperm counts in the semen yielded by PCA-induced ejaculation were significantly lower than the counts recorded for the l4-week group during spontaneous mating IP<O.OOl). Aged male rats required significantly more time to ejaculate after PCA injection than young adult males (P<O.OOI).
Results
The outcome of artificial insemination with sperm suspensions yielded by PCAtreated 75-week-old males was as follows. When sperm suspensions from one of the 2 males with axillary and abdominal tumours were injected into the upper parts of the uterus of 3 females (No.1, 2 and 3), all 3 of these females were found to be pregnant when autopsied on day 7 (corresponding to day 7 of pregnancy). The day following the injection was counted as day O. The number of implants detected in these 3 females was 7, 5 and 5, respectively. When the sperm suspension of a male with testicular atrophy was injected into the ovarian bursae of 2 females (No.4 and 5), both females became pregnant. Female No.4 delivered 11 offspring IS females and 6 malesl on day 21 of pregnancy. Female No.5 delivered 7 offspring 15females and 2 malesl on day 22 of pregnancy. The external appearance of all offspring was normal.
Discussion
In the present study, we determined sperm motility and counts in semen yielded by PCA-induced ejaculation by aged rats, and attempted artificial insemination with the semen. Young adult male rats paired with a receptive female ejaculate about 6 times within 2 h (Saito 1987) . Tsujii (1984) placed receptive females with male Wistar rats in the evening and counted the number of spermatozoa in their uteri after 5 or more observed ejaculations. They detected about 3.5 x 10 8 spermatozoa in each uterus. In the present study, which involved mating receptive females with males, we removed the uteri of the females after observation of the first ejaculation and counted the number of spermatozoa. The sperm counts averaged 9.42 x 10 7 , which was much lower than the figure reported by Tsujii (1984) .This difference between our study and the report of Tsujii (1984) is probably due to the fact that we counted uterine sperm after the first ejaculation while Tsujii (1984) counted uterine spermatozoa after 5 or more ejaculations. We believe that if we had counted uterine spermatozoa after 6 ejaculations, the counts would have been closer to those reported by Tsujii (1984) . Motility of the spermatozoa in the tail of the epididymis was similar to that of spermatozoa within the uterus evaluated (Nishikawa 1972) as the most active level. When spermatozoa collected from the tail of the epididymis were placed in the medium, they showed forward movement, resulting in dozens of spermatozoa forming a bundle. This phenomenon was not seen in the uterine spermatozoa.
The aged males which received PCA in this study had lost their reproductive ability. That is, the 60-week-old rats had shown only mounting and intromission, and the 75-weekold rats had shown only mounting. One of the six 75-week-old males had testicular atrophy. Two of these 6 males had axillary and abdominal tumours. In these 2 males, the question addressed was whether they might have a hormonal climate in which sperm production may be affected. From our present data, it seemed that the hormonal climate on sperm production was unaffected by tumour growth. The time from PCA injection to ejaculation was significantly longer as the age advanced (P<O.OOl).
The sperm motility of semen yielded by PCA-induced ejaculation did not differ between any 2 age groups and was rated at the most active level, comparable with spontaneously ejaculated semen. The sperm counts in semen yielded by PCA-induced ejaculation did not differ between any 2 of the 14-, 60and 75-week-old groupsi however, they were significantly lower than sperm counts in spontaneously ejaculated semen (P<O.OOI). When Foreman et a1. (1992) mated receptive females with males given varying amounts of PCA, the time from PCA injection to ejaculation was prolonged at a dose of 0.1 mg/ kg. At dose levels of 0.3 and 1.0 mg/kg, 14% and 80% of the males failed to ejaculate.
Intromission and mounting were also decreased at the latter 2 dose levels. PCA is known to suppress sexual activity by promoting the release of serotonin from the medial preoptic area (MPOA) which acts on the lower level of the central nervous system [Foreman et a1. 1992) . When administered in large amounts, PCA can induce ejaculation even in the absence of receptive females (Humphries et a1. 1981 , Saito et a1. 1991 , although the mechanism of this action is unknown. When we collected 3 to 5 plug-like secretions from each male treated with 2.0 mg/kg of PCA, only the first secretion contained spermatozoa (data not shown). It therefore seems likely that the mechanism of ejaculation by excited males in the presence of receptive females differs from the mechanism of ejaculation induced by PCA.
Methods currently available for artificial insemination include direct injection of a sperm suspension into the uterus, oviduct or ovarian bursa of females by means of laparotomy (Ino 1961 , Kile 1951 ) and injection of a sperm suspension into the cervix or uterus, using a needle inserted into the cervix [Ogawa 1978 , Ogawa & Suzuki 1955 , 1957 . The number of spermatozoa used for artificial insemination of rats is usually about 4 x 10 6 / 0.05 ml/rat. At this sperm density, the number of implantations was comparable with that from spontaneous mating (Ogawa 1978 , Ogawa & Suzuki 1955 . Because the volume of semen yielded by PCA-induced ejaculation is small, the number of spermatozoa used for artificial insemination in this study was 95 x 10 4 /0.05 ml when injecting into the upper parts of the uterine horns, and less than 4 x 10 4 /0.05 ml into the ovarian bursae. Both routes resulted in pregnancy, although the number of implantations and offspring differed between the 2 methods. The sperm injection into the ovarian bursae resulted in fewer implantations but more young. The number of spermatozoa detected in the ampulla of the oviduct at the end of mating is reported to be within 100 (Austin 1952 , Braden & Austin 1954 . In the present study, the number of sperm injected was much higher than 100. This indicates that this method is very useful when only a small volume of semen is available for artificial insemination. The offspring born to these females showed no abnormalities.
These results indicate that the semen yielded by PCA-induced ejaculation has a much lower sperm density than the semen yielded by spontaneous ejaculation, but contains adequately active spermatozoa which can be used for artificial insemination. PCAinduced ejaculation was thus found to provide a very useful means of collecting spermatozoa from aged rats which had lost the ability to ejaculate spontaneously or from those male rats in which mammary tumours or other factors have made coitus impossible.
